Introduction
stratospheric clouds and reduce stratospheric ozone depletion during winter (Solomon et al. 1986 ). and Tziperman (2017) showed that an increase in the MJO amplitude leads to an increased SSW 56 frequency. In this paper we further examine the teleconnection mechanism, and specifically the center is located at specific longitudes. Similarly, Garfinkel et al. (2014) found that the MJO 75 effect on the average polar cap temperature also occurs preferentially after MJO phases 3 and 7, 76 although they did not consider the MJO effect on the SSW frequency. These results imply that the 77 MJO-forced waves may propagate only at certain longitudes, and thus that the background zonal 
86
In this paper, we force dry-core idealized experiments using a range of MJO amplitudes, us- The following section (2) presents the structure of the MJO forcing used as well as the idealized 104 model configurations used. Section 3 describes the results for a range of MJO forcing ampli-105 6 tudes, with and without zonal asymmetry in the background state and in the MJO-like forcing, and
106
proposes a mechanism for the responses seen. We conclude in section 4. wavenumber 1 structure, a period of 2π/ω = 40 days, and a maximum heating rate of 5 K/day.
131
When specified, this forcing is limited to a longitudinal range using a tanh-based window function 132 W (λ ). The adiabatic heating structure is given by,
where σ y = 5 degree, k is the forcing zonal wavenumber, and A is the heating amplitude. The Table. 1.
137
c. Calculation of refractory index
138
The refractory index is calculated as (Vallis 2006) ,
where Q y is the meridional gradient of the zonal-mean, time-mean potential vorticity, N 2 the Brunt-
140
Vasala frequency, H = RT /g, f is the Coriolis parameter and β is the meridional derivative of f . followings.
186
The increase in SSW frequency and the polar stratospheric warming due to MJO forcing was 187 explained by KT via a combination of two mechanisms. First, the MJO-forced planetary waves 188 directly propagating to the Arctic stratosphere and weakening the climatological polar night jet. (Fig. 3d) , and the std of temperature composite based on MJO days (Fig. 4d) is 249 also very small in the Arctic stratosphere.
250
The reason for this similarity of the zonally-averaged background case 2dMJO5 and the strongly 251 forced case MJO10, is that the background zonal asymmetry in MJO10 is weakened by the inter- 
2) EFFECTS OF THE ZONAL BACKGROUND ASYMMETRY ON THE TRANSMISSION OF CIRCUM-

267
GLOBAL MJO-FORCED WAVES THROUGH THE MID-LATITUDE JET
268
In order to propagate into the mid-latitude lower stratosphere, the MJO-forced waves need to 
277
When removing the background zonal asymmetries (experiment 2dMJO5), the amplitude of the 278 MJO-forced waves in the Arctic stratosphere is very weak (Fig. 4d) , indicating they can reach the
Arctic only in the presence of a mid-latitude zonal asymmetry. Fig. 6a shows (black triangles) the 
288
To strengthen this conclusion, we ran a set of experiments with varying amplitudes of the back- frequency for these strongly forced runs (Fig. 2c) indicate that an additional mechanism is active, 
317
( Fig. 8a,b) while it gets weaker in the strongly forced case, MJO10, and in the zonally symmetric 318 case, 2dMJO5 (Fig. 8c,d) , consistent with the above mentioned temperature budget analysis.
319
To understand the reduction of upward EP flux in MJO10 and 2dMJO5, we plot in the left panels 
where N is the Brunt-Vasala frequency, andŪ z the vertical shear of the zonal-mean time-mean 323 zonal wind. The Eady growth rate responses in these two experiments are remarkably similar, 324 featuring a general reduction between 30N and 55N, where baroclinic eddies are generated, due to 325 the deceleration of the mid-latitude jet by the MJO-forced waves. This also explains the weakened 326 upward EP flux (Fig. 8c,d) Once the MJO-forced waves make it past the jet exit region into the lower stratosphere at mid- caused by the combined effects of decreased U zz and U yy and strengthened U. an asymmetric background, to investigate whether the location of the MJO forcing matters.
356
The responses in the zonally averaged climatological temperature are plotted in Fig. 10 . When
357
the forcing is at 60E-180E (Fig. 10a) , where the observed MJO occurs, the Arctic stratospheric
358
warming is as high as 5K; when the forcing is at 180E-300E (Fig. 10b) , the warming turns into a 359 cooling of 3K; when moving the forcing to 300E-60E (Fig. 10c) , the warming is weakened to less 
366
The mechanism of the response to MJO-like forcing at 180E-300E, which leads to an Arctic 367 stratospheric cooling and to the suppression of SSW events, is that analyzed in section 3b: the 368 asymmetry in the mid-latitude jet weakens, the jet itself is weaker, and the Eady growth rate is lowed us to analyze the role of the zonal asymmetry in both the forcing and the background state.
382
As the MJO forcing amplitude is increased, the Arctic stratosphere climatology, and the fre- 
405
The mechanism by which MJO-like forcing can suppress the SSW variability, either when the 406 forcing is circumglobal, or when it is longitudinally restricted to other than the observed longitu-407 dinal band, involves three factors, all related to a nonlinear wave-mean flow interaction,
408
• The mid-latitude background zonal asymmetry decreases with stronger MJO forcing, weak-409 ening the poleward transmission of MJO-forced waves.
410
• The MJO forced waves absorbed in the mid-latitudes decelerate the mid-latitude jet, reduce 411 the Eady growth rate there, and therefore reduce upward propagating waves generated there,
412
making the Arctic stratosphere colder and more stable.
413
• The MJO-driven waves lead to a modification of the jet speed and shear in the lower strato-
414
sphere and therefore reduces the Arctic refractory index, which redirects upward propagating 415 waves to lower latitudes and enhances the cooling of the Arctic stratosphere.
416
20
All three effects reduce the wave activity and therefore eddy heat flux arriving to the stratospheric
417
Arctic cap, cool and stabilize the Arctic stratosphere, and reduce the frequency of SSW events.
418
It should be noted that the analysis here is based on a highly idealized model, where the MJO is Jin, F., and B. J. Hoskins, 1995: The direct response to tropical heating in a baroclinic atmosphere. Table) were run for 50 years. The range of the longitudinal window is 60E-180E except where specified otherwise. 
